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Some Scaling Factors
for the Diagnostics Undulator

APS Diagnostics Undulator Results:

• 7-GeV stored positron beam with 3.3µrad divergence
measured using about 2.4 mC integrated charge in the
30-ms CCD camera image

• Close ID gap from 34 mm with 0.2W in the fundamental

to 14mm (6mm) to gain a factor of 103 (104) increase in
power from the source

• Undulator on-axis, cone angle ~ 1.2µrad for E = 15
GeV, fundamental at 110 keV

• Use cryo-cooled or image intensified CCDs to gain 102

in sensitivity in detector

• Have low horizontal emittance as well for photon den-
sity enhancement at detector

Combined factors support measurements of about 1µrad
for Q ≅ 1nC beam at 15 GeV
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Scaling Factors for the X-ray Streak Camera

X-ray streak camera results on 7-GeV stored beam:

A. Longitudinal

• 28-ps bunch length measured with 4 ps resolution

• Demonstrated resolution of 0.6 ps (σ) for UV light

• Potential resolution of 1.0 to 1.5 ps (σ) for hard x-rays
using fastest sweep range on this tube

• Other hard x-ray tubes pushing into sub-ps resolution
for laser-triggered techniques: ALS, Univ. of Mich.
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Scaling Factors for the X-ray Streak Camera

X-ray streak camera results on 7-GeV stored beam:
(Continued)

B. Transverse

• Estimated effective resolution about 15-20µm (σ)

with 4-jaw aperture at 50× 50µm2 size

• Could see 1-mA (~3nC) with averaging over many
turns from bending magnet (BM)

• ID source strength greater than dipole

• CsI photocathodes are about 50 times more sensitive
than Au photocathode, but not as robust. (May be area
of development)

• X-ray microscope technique such as at ESRF beam-
line could work
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Summary of Bunch Length
Measurements
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Summary of Electron Beam
Spot Size Measurements
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ο Laser Scattering (SLAC/FFTB)

ο XSR/Scintillator ESRF beamline

+ LCLS and DESY Target

ο XSR: ESRF, APS, NSLS Ring

ο OSR ESRF, APS, NSLS Rings

ο OTR LANL Linac (40 MeV)
ο OTR on SLAC (30 GeV)
ο OTR on Linac Beam APS (600 MeV)
ο Scintillator at BNL/ATF

?
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DR at Tohoku

Wire Scanner (SLAC)  + APS SASE Target in Undulator

λ(nm)

ο Thomson Scattering (LBNL)

ο rf pickup
(2nd moment)
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Summary

Simplistically speaking we are on the path, but some
development areas can be identified:

A. Bunch Length

• Challenge for visible or x-ray streak cameras for <100fs
resolution for available signal in an e-beam micropulse.
Measuring a photon beam at 1Å is a development area
that is already being addressed.

• Coherent radiation techniques need to move towards
single-shot capability and the challenge to provide pro-
file information realistically.

B. Transverse Profiles

• Provide sub-10µm spatial resolution on a single shot
(probably there)

• Provide a non-intercepting technique or sufficiently
non-interfering-one. This is a development area.


